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The Honourable Murray Elston 
Minister of Health. 
Province of Ontario 


Sir: 


On October 21, 1981 pursuant to Section 9 of the Ministry of Health Act, 
Revised Statutes of Ontario, 1980, Chapter 280, we were appointed as an advisory 
committee to undertake the following activities and to advise the Minister as to all 
the facts which may be pertinent to the matter of the Upper Ottawa Street 
Landfill Site: 


I. To investigate the validity of studying, and as appropriate, to recommend to 
the Minister of Health that studies be undertaken on: 


(a) the chemical nature of the materials deposited in the landfill site and 
their changes in that environment; 
(b) the migration of chemical substances away from the area; 


and to consider the findings of any such studies. 


2. To advise the Minister as to the Committee's findings and as to the possible 
existence at or about the landfill site of a hazard to human health. 


3. To consider such other matters brought out in the course of the Committee's 
activities which the Committee deems relevant to the terms of reference. 


We have completed these tasks and we now respectfully submit the 
conclusions and recommendations. 
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EXECUTIVE SUMMARY 


A. BACKGROUND 


The Upper Ottawa Street landill is located on the east mountain in Hamilton, 
Ontario within one km of the face of the escarpment. The Red Hill Creek forms 
the northern boundary of the site. The landfill sits on fractured bedrock in contact 
with groundwater, but the aquifer is not used as the local water supply. The 
prevailing wind direction is from the west away from nearby residential areas. 


Extensive residential development began in the mid-1970s, and there are over 
1500 households located within 750 metres of the landfill, primarily to the west and 
north of the site. The neighbourhood also contains two elementary schools, a public 
works yard, a conservation area, a training facility for firefighters and_light 
industrial development. 


From the early 1950s until it was closed in 1980, the landfill received many 
types of domestic and commercial waste, as well as solid and liquid industrial 
wastes from the Hamilton region, elsewhere in Ontario and from the United States. 
What began as a rural quarry dumpsite is now a 30 metre high garbage mound 
covering about 16 hectares. The mound is covered by an intermediate layer of 
solid waste materials from the local steel industry and a cap consisting largely of 
clay, which has been seeded with grass. Leachate is collected from some areas of 
the landfill by a system of pipes and eventually reaches the city sewage treatment 
plant. Deep erosion gullies have formed on the steep slopes of the landfill, 
particularly on the north side where leachate flows directly into the creek. Large 
volumes of methane gas are being produced and vented through the cover and gas 
vents installed on the south side of the site. 


The amounts and types of wastes buried in the landfill will never be known 
with any degree of certainty. It is the liquid industrial wastes that are the greatest 
cause for concern and existing records indicate that millions of litres were 
deposited at the site during the 1970s. This situation raised alarm among area 
residents. The practice of onsite burning of wastes was stopped in 1978; the site 
was closed to liquid industrial waste disposal in January of 1980; a solidification 
plant for processing liquid wastes, which began operation in 1976-77, was closed in 
April of 1980; and the final closure of the landfill took place in October 1980. 


B. APPOINTMENT OF STUDY COMMITTEE 
The Regional Municipality of Hamilton-Wentworth requested the Ontario 
Ministry of Health to carry out a health study and the Study Committee was 


appointed to conduct this work. The Committee began to plan its investigation in 
April of 1981. 
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The Committee's terms of reference are: 


a) to investigate the chemical nature of the materials deposited in the 
landfill site, changes in the materials in that environment, and the 
migration of chemicals away from the area; 


b) to study the possible existence at or about the landfill site of a hazard 
to human health; 


c) to consider such other matters brought out in the course of the 
Committee's activities that are relevant to the terms of reference. 


It was stressed by the Ministry of Health that the investigation was the first 
of its kind in Ontario and would need to be conducted in a thorough and 
comprehensive way so that it would be useful as a prototype that could be applied 
to future problems at other landfills. 


C. STUDY PLAN FOR THE INVESTIGATION 


Some of the major obstacles recognized in the development of the study plan 
include: the lack of knowledge about the types and amounts of wastes deposited at 
the landfill and the concentrations of compounds to which persons may have been 
exposed when the site was operating; ready access for the migration of landfill 
contaminants in the creek which flows through the site or in the fractured bedrock 
upon which the landfill is situated; and a "difficult to define" exposed population 
consisting of a small number of workers, plus residents who, for the most part, did 
not live in the area until 1976. 


Cl. CHEMICAL CONTENT OF THE LANDFILL 


The Committee decided that it was neither practical nor affordable to drill 
the hundreds of boreholes that would be required to obtain a complete picture of 
the buried wastes. It was possible, however, to analyze core samples obtained from 
the drilling work required to replace broken borehole installations. This was done 
to provide information on chemicals to which people may have been exposed before 
the landfill was closed and covered and to address the question of whether or not 
there are chemicals buried in the landfill that are not being detected in landfill gas 
or leachate at present but could be expected to migrate in the future. 


CZ.. ‘(CHEMICAL ANALYSES 
The second stage of the investigation was to examine the environment around 


the landfill. Major attention was given to air, surface water, leachate and 
groundwater. 
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G25) Air 


The Committee identified airborne contaminations as the most important 
potential route of human exposure to toxic chemicals. The air testing program was 
designed to obtain information on (1) the chemical content of gas emitting directly 
from the landfill; and (2) the quality of the air in nearby neighbourhoods. Special 
attention was given to the analysis of polycyclic aromatic hydrocarbons (PAHs). 


A major testing program was also undertaken in conjunction with experiments 
on the feasibility of collecting and burning landfill gas. 


C2.2 Leachate and Surface Water 


Organic compounds are likely to be the most dangerous toxic substances 
contained within the landfill and their identification in the leachate and surface 
water was considered to have high priority. One reason for this is that a cover has 
been placed on the closed landfill and, consequently, air tests might not detect 
many of the compounds to which persons may have been exposed when the landfill 
was operating. Also, compounds that might not be detected in the air because of 
their low volatility might be found in the leachate. 


An additional important factor calling for extensive leachate analysis is that 
leachate flows from springs on the mound into Red Hill Creek, thereby potentially 
exposing people downstream to landfill contaminants. Furthermore, although 
dilution will be large, it is important to know the extent to which pollutants of a 
toxic nature are entering the sewage system from the site by way of leachate 
collection. 


C2.3 Mutagenicity Testing 


The Committee recognized that a major concern among the workers and 
residents is the possibility that exposure to landfill chemicals may cause cancer. A 
decision was made to undertake a program of Ames assays of leachate, air 
particulates and landfill gas since these assays represent a rapid and economical 
screening test for potential carcinogens. 


C2.4 Groundwater 


Because the Upper Ottawa Street landfill sits on fractured bedrock, there 
was concern that the site might be polluting the groundwater and that a 
contaminated plume would present serious environmental problems should it seep 
through the nearby escarpment face. Little is known about the flow 
characteristics of groundwater in bedrock. A university-based groundwater 
research institute was retained to conduct an extensive, pioneering study of the 
hydrogeological aspects of the Upper Ottawa Street landfill. The study involved 
the measurement of groundwater flow rates as well as extensive chemical analyses 
to map the contaminated groundwater plume. 
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C3. HEALTH STUDIES 


The third and most critical aspect of the Committee's investigation was the 
health studies. The plan for the health studies of landfill workers and residents 
consisted of four components: toxicological assessment of the detected chemicals 
to assist in designing the health studies and interpreting the results; an assessment 
of the feasibility of conducting epidemiological investigations; designing the 
workers study; and designing the residents study. 


C3.1 Toxicological Work 


The Committee recognized that in order to have as clear a focus as possible 
for its health studies, detailed toxicological information was needed on the many 
compounds detected and/or tentatively identified in its analytical work. This 
involved identifying the most potentially toxic compounds to be targeted in 
chemical analyses, assessing the types of disease that might be expected if persons 
had been exposed to certain of these chemicals in sufficiently high levels and for 
long enough periods of time and assessing the implications for human health of 
current exposure. 


C3.2 Designing Health Studies of Workers and Residents 


An Advisory Health Group was established to direct work on designing the 
health studies. Designing health studies of the type needed was hindered because 
a) there is no established methodology for such studies, b) the duration of exposure 
for most residents is less than 10 years, which is too short a time for potential 
chronic effects such as cancer to be detectable, and c) the likelihood of being able 
to establish a cause and effect relationship between illness and the landfill is sma!| 
because of the problems of isolating landfill exposure from other types of chemical 
exposure. 


It was decided to conduct separate health surveys of cohorts of workers and 
residents involving: questionnaires administered in the respondents' homes by 
professional interviewers; the use of control groups for comparing the health of 
landfill workers and residents to similar groups of people elsewhere in Hamilton; 
and medical chart abstraction studies, which involved examining the medical charts 
kept by the family doctors of study participants. The study of workers was 
planned to precede that of landfill residents in order to generate hypotheses from 
the potentially higher dose exposure of workers that could be tested in the 
subsequent larger-scale study of residents. 


In designing the health studies, particular attention was given to two major 
problems: the lack of exposure information and the possible bias associated with 
self-reports of health problems. 


In the absence of detailed knowledge about the types and concentrations of 


chemicals to which workers and residents may have been exposed, the 
questionnaires were designed in such a way as to detect a wide range of possible 
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health effects related both to the identified chemicals and to chemical exposure 
generally. The sampling strategies were developed to use duration of residence 
and proximity to the landfill as indirect indicators of exposure for the residents 
study, and onsite jobs versus offsite jobs as indirect indicators of exposure for the 
workers study. : 


Detailed medical chart abstraction studies were designed in conjunction with 
health studies of landfill workers and residents for the purpose of addressing recall 
bias. In the case of the workers study, the objective of the chart abstractions was 
to verify the accuracy of self-reports of individual respondents. The objective of 
the residents chart abstraction study was to ascertain the amount of recall! bias 
through a comparison of general trends of over- and under-reporting between 
landfill residents and controls. 


C3.3 Clinical Studies and Laboratory Tests 


Clinical and laboratory tests were not included in the health studies because 
what was known about exposure indicated that diagnostic testing would not be 
useful. It was decided, however, that physical examinations and other medical 
studies would be carried out if the results of the epidemiological studies identified 
health conditions in landfill residents that should be further investigated by the use 
of such tests. 


C.4 MISCELLANEOUS STUDIES 


During its investigation, the Committee also conducted limited research into 
four additional areas; the feasibility of using geophysical techniques to detect 
containers of chemical wastes that might be buried in the site; a smal! animal 
study involving examination of animals trapped on the landfill and tissue residue 
analysis; a review of student absenteeism records in a neighbourhood and control 
schools; and an examination of gas company records for unusual complaints for 
households located near the site. In no case were the findings helpful in providing 
additional information about landfill chemicals or exposure-related health 
conditions. 


D. CONCLUSIONS AND RECOMMENDATIONS 
Dis SEXCAVATING THE LANDFILL 


The following factors were taken into account in examining the question of 
whether excavating the landfill would cause more harm than good. Chemical 
analyses have failed to demonstrate that toxic chemicals in hazardous 
concentrations are migrating from it. There are the important practical 
considerations of the enormous size of the landfill, the millions of tons of solid 


material comprising it, the extension of the base of the landfill below ground level 
into fractured bedrock, and the lack of a more secure destination in Ontario to 
which the excavated material could be transported. Also, there would be the 
almost impossible task of preventing more direct exposure of people to rapid 
release of high concentrations of compounds during an excavation project that 
would likely require many months, if not years, to complete. 


RECOMMENDATION 1: The Committee recommends that excavation of the 
site should not be undertaken. ‘ 


D2. MAINTENANCE OF THE LANDFILL 
D2.1 Findings 


After an initial slow start, most areas of the landfill mound are now covered 
with vegetation, which is necessary to protect the underlying cover and to promote 
the evaporation of precipitation. There are, however, some unvegetated patches 
requiring further seeding efforts. 


There are noticeable problems with numerous areas of leachate seepage, 
which are caused by the elevated water table within the garbage mound. These 
seeps are are usually located in erosion gullies. 


The infiltration of precipitation into the landfill over many years has caused 
mounding of the water table to a present height of about seven metres above the 
surrounding ground level. Until the water mound recedes below ground level, 
leachate springs will continue to be a problem. 


The condition of the cover on the north slope permits the direct infiltration 
of precipitation into the mound and the continuing discharge of leachate directly 
into the Red Hill Creek. 


The evidence indicates that the leachate collection system is not operating 
effectively and that most of the leachate is bypassing the collection system and 
passing into the bedrock below the site. 


The unfenced north side of the site, where leachate springs are entering the 
Red Hill Creek, is the only remaining area of the landfill where there is easy entry 
for the public. 


Maintenance workers, quite properly, have refused to enter the leachate 


collection manhole until they have received assurance that maximum protection is 
being afforded by the equipment and protective clothing provided. 
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D2.2 Recommendations 


RECOMMENDATION 2: The Committee recommends that spring and late 
summer seeding be undertaken each year until the remaining exposed 
surfaces of the landfill cover are vegetated. 


RECOMMENDATION 3: The Committee recommends that the following 
steps be undertaken each spring and fall to make repairs to the landfill cover: 


a) erosion gullies should be lined with a geotextile (i.e., synthetic material 
used for outdoor construction) and packed with gravel or stone to 
preserve a surface drainage system; 


b) leachate seeps should be connected by french drains to the existing 
collection pipes on the west, south, and east slopes of the landfill; 


c) careful inspection of all parts of the cover should be conducted and 
repair work should be done until a decline in leachate production and 
migration is observed and then this spring and fall schedule can be re- 
examined. 


RECOMMENDATION 4: The Committee recommends that the height of the 
mounded water table be measured annually from boreholes on the northeast 
corner of the landfill (Sites 15 and 16 on Figure 6 and described in Appendix 
2) where previous measurements were taken. Two monitoring wells are 
currently located at these sites and can be used for this purpose if they are in 
working condition. If not, new installations will be required. 


RECOMMENDATION 5: The Committee recommends examining the 
feasibility of collecting the leachate that is flowing down the surface of the 
north slope into the creek and disposing of it in the sanitary sewer. 


RECOMMENDATION 6: The Committee recommends that measurements be 
made and that records be kept of the volume of leachate being collected by 
the separate systems installed on the west and south sides and to the east of 
the site. 


RECOMMENDATION 7: The Committee recommends that access to the 
landfill and creek on the north side be restricted by fencing. 
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RECOMMENDATION 8: The Committee recommends that maintenance 
workers be protected from skin contact with leachate. The chemical findings 
on landfill gas indicate that it is unnecessary to wear a protective mask 
unless work is being done directly on the gas vents themselves. Masks should 
be provided, however, for those who wish to wear them when working in areas 
of lower gas concentration. The Committee recommends the use of a self- 
breathing apparatus and high quality protective clothing for workers who 
enter the underground collection manhole. 


D3. LEACHATE, SURFACE WATERS AND SEDIMENTS 
D3.1 Chemical Findings 


The effect of leachate on the general water quality (hardness, chloride, 
ammonia, nitrite, etc.) of the Red Hill Creek can be observed immediately 
downstream of the site. The effect is not large, however, and by the time the 
creek reaches Albion Falls, about one km downstream, these general water quality 
parameters are similar to those upstream of the landfill. 


Leachate contains of a number of metals, with aluminum and iron in highest 
concentrations. In the Red Hill Creek, however, the levels of heavy metals are 
extremely low and are no higher downstream than upstream of the landfill. 


The organics in leachate (which are found in concentrations of low ppm or 
less) include the volatile aromatic hydrocarbons (such as benzene and toluene), 
chlorinated hydrocarbons (dichloromethane, dichlorobenzenes), phthalates, 
tetrahydrofuran and 1,4-dioxane. Polycyclic aromatic hydrocarbons (PAHs) and 
polychlorinated biphenyls (PCBs) were also detected. These findings suggest the 
site was not used for the disposal of large volumes of organic chemical wastes. 


The levels of organics in Red Hill Creek are not significantly higher 
downstream than upstream of the landfill. 


With the exception of methylphenanthrene, PAH concentrations in creek 
sediments were actually higher upstream of the landfill than downstream. In 
contrast, the levels of PCBs in sediment were somewhat higher immediately 
downstream than upstream from. the landfill. At no site did the concentrations of 
PCBs exceed one ppm. 


D3.2 Conclusions and Recommendations 


The current risk from exposure to landfill chemicals in surface water and 
sediments is not significant for two reasons: 1) there is limited opportunity for 
human contact with these chemicals, and 2) the current levels of contamination are 
small. With respect to leachate, while there is limited opportunity for exposure, 
the leachate does contain appreciable amounts of toxic chemicals. These 
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conclusions are reassuring but they only apply if the nature and concentrations of 
chemicals in the future remain low. Therefore, a monitoring program for leachate, 
surface water and sediments is required to serve as an early warning of possible 
increases in the levels of toxic chemicals. 


RECOMMENDATION 9: The Committee recommends that samples of 
leachate from the leachate collection manhole (see Site 32 in Figure 6 and 
Appendix 2) and from two leachate springs on the north slope of the landfill 
be collected twice annually, during the spring and late summer. Once work 
has been completed to eliminate surface leachate springs on the north side, a 
permanent sampling station should be established there for the collected 
leachate. Samples should be analyzed using the best available methods for 
quantitative analyses of trace organic compounds. At the present time this is 
the GC-MS method. The compounds detected in the Committee's work could 
serve as the target list for these analyses. Analysis should also be capable of 
detecting "priority pollutants" not detected in the Committee's work. 


RECOMMENDATION 10: The Committee recommends that samples of the 
Red Hill Creek water upstream and downstream from the landfill (see Sites 2 
and 22 in Figure 6 and Appendix 2) be collected twice a year, during the 
spring and late summer, and analyzed using the methods outlined above for 
leachate. 


RECOMMENDATION 11: The Committee recommends that samples of 
sediments from the Red Hill Creek upstream and downstream from the 
landfill (Sites 2 and 22) be collected once a year during the late summer and 
analyzed for polycyclic aromatic hydrocarbons (PAHs) and polychlorinated 
biphenyls (PCBs) using the best available methods for quantitative trace 
analysis of these compounds. 


RECOMMENDATION 12: The Committee recommends that this monitoring 
work on leachate, surface water and sediments be conducted as described 
above for five years. If, at that time, the results indicate a sufficient 
decrease in the concentrations and numbers of compounds, or if no change is 
detected, less frequent sampling and analysis could be considered. 


RECOMMENDATION 13: The Committee recommends that the monitoring 
data be reviewed by the appropriate persons in the city and regional 
governments, by the Ontario Ministry of the Environment and by at least one 
external consultant. The results should be made public each year. 
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RECOMMENDATION 14: The Committee recommends that in the unlikely 
event that fish are being caught in the Red Hill Creek, appropriate public 
warnings should be posted advising against their consumption. The reason 
for this is that many chemicals are concentrated in fish to levels hundreds or 
thousands of times higher than those of the same chemicals in the water in 
which the fish live. 


RECOMMENDATION 15: The Committee recommends that swimming or 
playing be prohibited in the Red Hill Creek. 


D4. THE GROUNDWATER STUDY 
D4.1 Hydrogeology 


The study confirmed that the general groundwater flow is from west to east, 
following the downward slope of the regional water table towards Albion Falls. 


It is also concluded that by the time the groundwater reaches the escarpment 
it is flowing deep within the rock under the base of Albion Falls and does not 
surface until it reaches Lake Ontario. 


It is likely that a 'plume' of leachate now exists in groundwater over the nine 
kilometre distance between the landfill and Lake Ontario. 


D4.2 Chemical Content of Groundwater 


Groundwaters in the region are contaminated by chemical substances from 
the bituminous, hydrocarbon-rich bedrock. These natural contaminants, for the 
most part, are the same as those found in leachate, surface waters and sediments. 
This has greatly complicated the mapping of the groundwater plume. 


The most serious groundwater contamination occurs within 100 metres of the 
landfill. Beyond this distance, even in the direction of groundwater flow to the 
east, landfill contamination becomes indistinguishable from background levels. It 
is also concluded that the groundwater plume discharging into Lake Ontario is 
unlikely to have a measurable impact because its chemical content does not appear 
to be greatly different from that of the natural groundwater. 


D4.3 Human Exposure 


Exposure to leachate contaminated groundwater is unlikely because drinking 
water is supplied by city water lines and the groundwater flows at some depth. The 
closest the groundwater comes to the surface to the west of the landfill where 
housing is located, is seven to eight metres. On the other hand, groundwater 
immediately to the east is less than one metre below ground surface. 
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RECOMMENDATION 16: The Committee recommends that no excavation 
work be undertaken in the low lying area immediately east of the landfill, and 
that no housing be constructed there because this area is in the path of 
leachate migration. 


D4.5 Monitoring of Groundwater 


While there does not appear to be a public health hazard or a significant 
environmental risk associated with landfill contamination of groundwater at the 
present time, this situation may change, especially if there are containers in the 
landfill that have not yet ruptured. Furthermore, many organic compounds whose 
identity has not been established are present in the groundwaters. 


RECOMMENDATION 17: The Committee recommends the installation of 
four additional multilevel piezometers for the purpose of long-term 
monitoring of groundwater quality. The piezometers should be multiple 
sampling devices and be installed specifically at sites 7, 9, 12 and 22 (shown 
in Figure 7 as Waterloo Research Institute sampling points). These sites are 
close to the perimeter of the landfill where contamination has been 
confirmed. Details on the design and installation of these piezometers and a 
sampling protocol are contained in Waterloo Research Institute's final report 
to the Committee. For the next five years, the analyses of groundwater 
samples should be carried out twice a year using the best available 
approach to quantitative analysis of organic compounds, which is currently 
GC-MS. 


D5. CHEMICALS IN LANDFILL GAS AND SURROUNDING 
NEIGHBOURHOODS 


D5.1 Chemicals in Landfill Gas 


The chemicals in highest concentrations in the gas were the aromatic 
hydrocarbons. Chlorinated hydrocarbons (dichloromethane, 1,1-dichloroethane and 
1,2-dichloroethene) were also found in appreciable amounts at a number of sites. 
In general, however, only relatively low concentrations (i.e., low ppm range) of 
most compounds, including PAHs, were observed in the undiluted landfill gas. This 
gas is diluted by air by as much as 1,000 times at a distance of only one metre 
from the gas vents. The landfill gas contains some mutagenic chemicals but not in 
high concentrations. 


D5.2 Chemicals in Neighbourhood Air 
Only a few compounds, primarily the aromatic hydrocarbons (benzene, 


toluene, xylenes) were detected at low ppb levels. There was no clear trend in the 
concentration of these compounds over time and levels were as high or higher 
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at upwind and control sites as they are downwind from the landfill. These findings 
show that the contribution of chemicals from the landfill is small compared to tne 
contribution from motor vehicles and other non-landfill sources of air pollution. 
Concentrations are similar to those observed in other cities. 


D5.3 Collecting and Flaring Landfill Gas 


D5.3(a) Considerations. Current emissions of target compounds from the 
landfill are producing ambient air concentrations of these compounds that are not 
measurably higher than background. On the other hand, there are many unidentified 
compounds of landfill origin, some of which may be harmful to human health, 
although on the basis of current evidence this seems unlikely. Furthermore, one 
cannot ignore the possibility that at some future time emission of toxic substances 
from the landfill could be much greater than at present and become a hazard to 
human health. This concern, nevertheless, must be put into perspective. The most 
toxic compound found in appreciable concentrations at the present time is benzene. 
The measured levels of one to four parts per billion would need to-increase several 
hundred fold before the currently accepted ambient air quality standard in Ontario 
of 950 parts per billion would be exceeded. 


It should be pointed out that while there is good evidence from modelling 
studies that on a time-average basis the concentrations of identified compounds 
are below those considered dangerous to human health, there may occasionally be 
air currents that could result in contamination plumes in which concentrations are 
much greater than average. 


The health studies (see the following section) have provided evidence that 
before 1980 (when the landfill was in operation) there was an association between 
working or living near the landfill and an increase in certain health conditions. 
While the health conditions appear to relate to past rather than current exposure, 
the findings point to the need to control emissions. 


In addition to these considerations, there is the matter of the unpleasant and 
sometimes nauseating odour in the neighbourhoods, which is a constant reminder to 
area residents of their possible exposure to toxic and carcinogenic chemicals. The 
accelerated pace of residential and commercial development that has been evident 
recently in close proximity to the landfill further suggests that the magnitude of 
public concern will increase over time if efforts are not made to address the odour 
problem. The Committee has concluded that the need to eliminate the odour 
problem alone provides sufficient reason for burning off the landfill gas. It should 
also be pointed out that landfill gas is being flared at at least five sites in Ontario 
for the purpose of controlling odour and methane migration. 


D5.3(b) Proposed Gas Collection and Flaring System This work should be 
implemented in three stages, the first of which would consist of a continuous 


pumping and flaring test to be carried out for at least one month on three test 
wells to be installed on the Stone Church Road side of the site. This first stage can 
be used to evaluate further the byproducts of the gas combustion as well as provide 
data for designing the permanent installation. 
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The second stage would involve the construction of a permanent installation 
along the Stone Church Road side of the landfill. The estimated cost of this second 
stage was estimated in 1983 to be about $600,000, with an additional annual 
operation and maintenance cost of approximately $50,000. 


The third stage in the installation of a gas control system involves 
constructing a system on the Red Hill Creek side of the landfill which is estimated 
to cost aproximately $500,000. This system would also require additional annual 
operation and maintenance expenditures. 


RECOMMENDATION 18: The Committee recommends that an active landfill 
gas collection and flaring system be installed at the Upper Ottawa Street 
landfill and that the first phase of this work should begin as soon as possible. 


D5.4 Air Monitoring 


Until a gas collection and flaring system is constructed at the landfill, an 
extensive program of air monitoring in neighbourhoods surrounding the site is 
needed to show whether the toxic or carcinogenic compounds being released in 
landfill gas continue to be diluted to safe levels offsite. 


Once the gas collection and flaring system has been installed, the monitoring 
program recommended below should be reviewed and modified. 


RECOMMENDATION 19: The Committee recommends a monitoring program 
consisting of a minimum of six air tests annually, each involving the analysis 
of at least four samples of landfill gas from the existing test well (site 1 in 
Figure 12 and Appendix 5) and other gas probes or boreholes on the landfill 
and at least three samples of ambient air from sites upwind and downwind of 
the landfill and on the site itself. Samples of landfill gas should be collected 
in air bags, and samples of ambient air by sorbent tubes until better sampling 
techniques are developed. Samples should be analyzed using the best 
available methods for quantitative analyses of trace organic compounds, 
which at the present time is the GC-MS method. The compounds detected in 
the Committee's work should serve as the target list for these analyses. 
Analysis should also be capable of detecting ‘priority pollutants' not detected 
in the Committee's work. 


RECOMMENDATION 20: The Committee recommends that an air monitoring 
program be continued until there is evidence that the production of gas 
within the landfill has declined significantly. 


RECOMMENDATION 21: The Committee recommends that the air 
monitoring data be reviewed by appropriate persons in the city and regional 
governments, by the Ontario Ministry of the Environment and by at least one 
external consultant. The results should be made public each year. 
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D6. THE HEALTH SURVEY OF LANDFILL WORKERS 
D6.1 Results 


Interviews were completed with 313 landfill workers and control subjects and 
the following results were obtained. 


1) The main conclusion of the workers health survey is that three groups of 
health problems appear to be associated with working at the landfill: chronic 
bronchitis, daily cough, combined respiratory problems; certain central nervous 
system symptoms such as headaches, dizziness, lethargy and balance problems; and 
mood disorders such as anxiety, depression, trouble sleeping, irritability and 
restlessness. 


2) Also identified were health problems having a weaker association with 
working at the landfill than the three groups of health problems identified above: 
difficulty breathing, skin rash, combined skin problems, and muscle weakness in 
arms and legs. 


3) The landfill workers were most likely to have first developed these health 
problems between 1970 and 1980, which coincides with the periods of increasing 
and maximum waste disposal at the site. 


4) Landfill workers tended to develop these health problems in the first five 
years after they began to work at the landfill, which implies that if the landfill is 
the cause of these problems longer term exposure was not required. 


5) Most of these health problems that developed after first exposure to the 
landfill have persisted and remain more prevalent among landfill workers than 
controls. 


6) Analysis of the overall pattern of mortality for 21 landfill workers who died 
between 1965 and 1983 indicates that there was no significant difference in the 
mortality risk for landfill workers at the time the study was conducted, although 
this analysis has limited statistical power. 


7) The medical chart abstraction study demonstrated that landfill workers did 
not over-report their health problems compared to controls. 


8) No statistically significant differences were found between landfill workers 
and the control group for 107 other health problems listed in the questionnaire. 
These include high blood pressure, stroke, diabetes, gall bladder disease, all of 
which have no known chemical-related cause, and other problems such as stomach 
ulcer, gastrointestinal, reproductive, kidney and bladder conditions and diseases of 
the blood, which can be caused by chemical exposures. 
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D6.2 Discussion 


These findings strongly suggest an association between working at the landfill 
and certain health problems. The results of the study, however, cannot be used 
independently to draw conclusions about causation because the strategic objective 
was to conduct an hypothesis generating study to provide target health problems to 
be investigated in the residents study. The fact that similar findings were obtained 
in the residents study supports the view that health problems observed in the 
landfill workers are related to exposure to landfill chemicals. 


In light of this, an important issue is what, if anything, should now be done 
about workers! health. It is of significance that the identified health problems are 
not considered to be severe in terms of disability at home or in the workplace. 
They are common to the general population and are treated routinely by family 
physicians. None of the findings of the workers health study suggests the 
occurrence of specific chemically-related diseases that could be detected through 
biological monitoring or laboratory testing. 


One important aspect is that workers may have been exposed to unknown 
levels of carcinogenic chemicals at the landfill. No increased incidence of cancer 
was observed in landfill workers but given the long latency period for development 
of cancer, final conclusions cannot be reached for at least two decades following 
the period of exposure. Recommendation 22 below pertains to the monitoring of 
any possible change in cancer risk for landfill workers and area residents. 


D7. THE HEALTH SURVEY OF LANDFILL RESIDENTS 
D7.1 Study Design 


The design of the residents study focused on the associations found in the 
workers study between certain health conditions and working at or near the 
landfill. The study encountered two problems that could reduce the strength of its 
findings: a high refusal rate among the controls (32.2 per cent versus 18.8 per cent 
for the landfill residents group) and a moderate difference in socioeconomic status 
between controls and landfill residents (controls have higher incomes, more 
education and a higher proportion of white collar jobs than landfill residents) 
although, in retrospect, no better neighbourhood match could be found in Hamilton. 


D7.2 Results 


Interviews were completed with 1,328 households in the landfill 
and control neighbourhoods, which involved collecting detailed health histories for 
5,118 people. 


1) A positive association is indicated between landfill residence and certain 


respiratory, skin, central nervous system (headaches, dizziness, fatigue) and mood 
(anxiety, depression, irritability) health problems in adult landfill residents. These 
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findings are consistent with the workers study. Similar results were also obtained 
for children living near the landfill, with the difference that respiratory conditions 
were not statistically significant but red, itchy eyes were. 


2) It was observed that adults with longer-term residence in houses located 
closer to the landfill had a higher incidence of these health problems than did 
adults living in similar households located farther away from the site. This 
provides strong evidence in support of an association between the observed health 
problems and chemical exposure. 


3) The response to decoy questions included in the questionnaire provided no 
evidence that residents living near the landfill developed health conditions that 
are unrelated to chemical exposure. 


4) The assessment of recall bias in the medical chart abstraction study found no 
evidence from doctors' records that landfill residents were over-reporting or under- 
reporting their health problems on the questionnaire as compared to the controls. 


5) The excess health problems occurring in residents of the landfill area 
developed while the landfill was open and large amounts of wastes were being 
deposited. The health conditions reported on the questionnaire as first developing 
before 1981 have been disappearing at a similar rate for residents and controls. 
There is no convincing evidence that exposure to the landfill after it was closed 
and covered in 1980-81 has led to health problems among area residents. 


6) No pregnancy problems, including stillbirths, miscarriages, low birth weight 
or birth defects, were observed in residents living near the landfill as compared to 
controls. These problems are sensitive indicators that have been found in other 
studies of landfill populations. It is, therefore, reassuring that these problems were 
not seen here. 


7) There was no evidence of increases in major chronic diseases among residents 
living near the landfill. 


D8. POSSIBLE CAUSES OF IDENTIFIED HEALTH PROBLEMS 


While the cause of the observed increased incidence of health conditions 
appears to be associated with living near the landfill (or working at or near the 
site), it has not been possible to identify the causative agent or agents. The health 
problems could be caused either by actual chemical exposure or by a perception 
that living near the landfill is a health risk. This concern over the potential 
harmful effects of exposure to the landfill could have given rise to genuine health 
problems or symptoms of stress. 


D&.1 Causation by Chemical Exposure 
The results from the residents health study suggest six lines of reasoning that 


favour chemical exposure as the cause of the observed excess of some health 
problems in landfill workers and residents: 
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a) 


b) 


c) 


d) 


e) 


f) 


The fact that essentially the same health problems were identified by 
workers and residents cannot be easily explained by perceptual factors, 
especially considering the lack of contact between the two groups and 
the different perceptions of risk expressed by them. 


The observation that there were more health problems among residents 
who have lived closer to the landfill for longer periods of time than 
those who lived farther away, or were resident for a shorter period, 
seems too coincidental to be explained by the perception of risk by 
persons living near the landfill. 


The health problems identified in workers and residents are ones that 
could have been caused by chemical exposure and are, therefore, 
biologically plausible. If perception were the cause it is likely that a 
variety of other health problems not related to chemical exposure 
would also have been identified. 


The health conditions observed in workers and residents were not those 
found in a well-publicized health survey conducted by the Residents 
Association before the Committee's health surveys were initiated. If 
the residents had been influenced by their perceptions of exposure, it is 
likely that there would be some overlap between both sets of findings. 


The assessment of recall! bias in the medical chart abstraction study did 
not find evidence of over-reporting of health problems on the 
questionnaire by landfill workers or residents as compared to controls. 


The health problems that first developed in workers and residents when 
the landfill was open seem to be disappearing at the same rate as those 
being experienced by the control groups. In addition, landfill residents 
do not report disability from respiratory complaints. These findings are 
not characteristic of learned illness behaviour. 


D8.2 Causation by Perception of Chemical Exposure 


There are four lines of reasoning, however, that appear to suggest a case for 
a 'perception of exposure' mechanism: 


a) 


b) 


Nuisance odours are still a frequent problem in the area and it is 
possible that these odours have contributed to an increased level of 
concern among area residents. 


The specific health problems found in excess among landfill workers and 
residents (i.e., respiratory, skin, certain central nervous system, mood) 
can all be explained by behavioural mechanisms. None uniquely 
requires chemical exposure or is based on evidence of human tissue 
damage. 
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c) Perceptual factors could have been influenced by the unblinded study 
design (i.e., interviewers knew who were landfill workers and residents 
and controls and, therefore, could have treated the study groups 
differently). In addition, the medical chart abstraction study could 
simply have confirmed that landfill workers and residents sought 
medical help for perceived problems. 


d) Some patterns of health problem reports between former landfill 
residents (migrators) and current area residents can be more easily 
explained by perception of exposure to chemicals emitting from the 
landfill than by exposure itself. 


It is the opinion of the Committee that the weight of the evidence is stronger 
in favour of a chemical exposure cause for the excess health problems identified in 
both landfill workers and residents. 


D9. FOLLOW-UP STUDY 
D9.1 Study of Psychosocial Effects 


The findings of the health studies provide no basis for assuming that a pattern 
of continued ill health exists or that the current health status of people living near 
the landfill could be further defined or explained by a study of psychosocial 
effects. A second consideration is that the Committee is unable to identify any 
direct benefits for residents that would result from such a study. It is concluded 
that there is insufficient justification for recommending that a large-scale 
psychosocial study be conducted as a followup to the Committee's investigation. 


D9.2 Laboratory Tests and Biological Monitoring 


There is nothing in the results to indicate that clinical examination, 
laboratory tests or biological monitoring would be useful in the further examination 
of the health of the landfill workers or area residents. Of particular importance is 
the lack of any indication that there is significant current exposure and the failure 
of the questionnaire survey to identify specific diseases that can be directly 
related to chemical exposure. Further, it appears that the health problems 
diagnosable by objective tests that may have existed in the landfill population are 
disappearing. 


D9.3 Population Registry 


In view of the fact that the period of the study was too short to detect an 
increased incidence of cancer and that there is a lack of evidence about whether 
or not workers and residents were exposed to significant levels of cancer causing 
chemicals, the Committee recommends the establishment of a registry of landfill 
workers and residents who were identified for the health surveys. This 
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recommendation in no way suggests that the Committee has any evidence 
suggesting that workers and residents are more likely than the general population 
to develop cancer as a result of their working or living near the landfill. 


RECOMMENDATION 22: The Committee recommends setting up a registry 
of landfill workers and area residents who were identified for the health 
surveys for the purpose of following the incidence of cancer in these 
populations. The registry should be set up under the auspices of the Ontario 
Cancer Treatment and Research Foundation. 
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